ABSTRACT: Structural inequalities provide an important context for understanding and responding to the impact of high traffic densities on disadvantaged neighborhoods. Emerging atmospheric science and epidemiological research indicates hazardous vehicle-related pollutants (e.g., diesel exhaust) are highly concentrated near major roadways, and the prevalence of respiratory ailments and mortality are heightened in these high-traffic corridors. This article builds on recent findings that low-income and minority children in California disproportionately reside in high-traffic areas by demonstrating how the urban structure provides a critical framework for evaluating the causes, characteristics, and magnitude of traffic, particularly for disadvantaged neighborhoods. We find minority and high-poverty neighborhoods bear over two times the level of traffic density compared to the rest of the Southern California region, which may associate them with a higher risk of exposure to vehicle-related pollutants. Furthermore, these areas have older and more multifamily housing, which is associated with higher rates of indoor exposure to outdoor pollutants, including intrusion of motor vehicle exhaust. We discuss the implications of these patterns on future planning and policy strategies for mitigating the serious health consequences of exposure to vehicle-related air pollutants.
the urban structure and related to persistent inequalities such as racial segregation, concentrated poverty, and uneven land use development.
This article documents ways that historic and structural patterns within Southern California provide an important context for understanding the causes, characteristics, and magnitude of traffic, particularly for disadvantaged neighborhoods. We've just begun to understand the health costs of heightened levels of vehicle-related pollutants immediately adjacent to heavily traveled roadways and know little about the demographic and socioeconomic groups exposed to these pollutants. Documenting and quantifying the distribution of traffic density in Southern California is an essential step and prerequisite to understanding potential exposure patterns and in formulating policy and planning interventions that can help minimize the hazardous impact of vehicle-related pollutants.
We begin by discussing the adverse health effects of traffic-related pollutants and current regulatory approaches to improve regional air quality. We then describe the growing evidence that these pollutants and related health impacts are concentrated within hundreds of meters of major roadways. This raises a number of distributional concerns, especially given the uneven distribution of environmental hazards in Southern California. We provide a framework for understanding environmental disparities in the region by identifying geographic patterns of racial segregation and concentrated poverty in Southern California and by documenting the overlap of disadvantaged neighborhoods with regional job centers and the transportation network. We present our finding that minority and high-poverty neighborhoods in the region bear over two times the level of traffic density compared to the rest of the region. We conclude with a discussion of the implications of our findings for environmental justice research and strategies for mitigating the localized impacts of vehicle-related pollutants.
ADVERSE HEALTH EFFECTS OF VEHICLE-RELATED AIR POLLUTION
Vehicle traffic remains a major and often dominant source of air pollution. In Southern California, on-road mobile source emissions are responsible for about 76% of carbon monoxide (CO), as well as 45% of volatile organic compounds (VOC), and 63% of nitrogen oxides (NOx), the precursors to ozone and other components of photochemical smog (South Coast Air Quality Management District, 2003) . The geographic dispersion of these and other vehicle-related pollutants within the region varies based on a number of factors. The concentrations of primary pollutants that are directly emitted into the air are typically highest close to their sources. Secondary pollutants such as ozone are gases or particles not directly emitted into the atmosphere that form in the atmosphere because of chemical reactions of precursor compounds, often driven by sunlight. They tend to reach their highest concentrations some distance downwind from the original emission source. The prevailing daytime sea breeze in Southern California tends to transport pollutants from coastal areas to the inland valleys where secondary pollutants reach their maximum concentration.
A vast body of scientific evidence has documented the adverse health effects of vehiclerelated pollutants including chronic illness, lung impairment, and increased morbidity and mortality (Table 1) (American Lung Association, 2002; Hall, Winer, Kleinman, Lurmann, Brajer, & Colome, 1992; South Coast Air Quality Management District, 2003) . These adverse health effects have a serious impact on California's economy. In 1998, hospitalization and medication costs for asthma in the state totaled $1.3 billion (Asthma and Allergy Foundation of America, 1998) . Exposure to air pollution in the state is responsible for about 2.8 million lost workdays each year and over $3. The federal Clean Air Act (CAA) strives to minimize the health and economic externalities of mobile sources of air pollution by mandating that states achieve regional ambient air quality standards. At the state level, the California Air Resources Board (CARB) pursues conformity with these standards by regulating on-road vehicle emission standards, fuel specifications, some off-road sources, and consumer product standards. At the regional level, the South Coast Air Quality Management District (SCAQMD) is responsible for developing Southern California's Air Quality Management Plan (AQMP) that establishes programs to ensure regional conformance with all federal and state air quality requirements. SCAQMD works closely with the Southern California Association of Governments (SCAG), which coordinates with local city and county governments to ensure that regional transportation investments, programs, and plans demonstrate state and federal attainment with air quality standards. If regional conformity is not attained, the region can be denied billions of dollars in annual federal transportation funds from the Federal Highway Administration (FHWA) or the Federal Transit Agency (FTA).
This regulatory approach has driven measures to improve air quality in Southern California. The region currently meets all air quality standards except for ozone and particulate matter (South Coast Air Quality Management District, 2003) . Despite this benefit, this regional strategy may not be sufficient to mitigate the highly localized impacts of vehicle-related air pollutants. Recent field studies indicate the highest exposures to vehicle-related pollutants such as carbon monoxide, particulate matter, and ultra-fine particles are highly localized near major roadways. Depending on meteorological conditions, the concentrations of these pollutants decline to near background levels within 150 to 500 meters of major roadways (Hitchins, Morawska, Wolff, & Gilbert, 2000; Zhu, Hinds, Kim, Sioutas, 2002) . Although factors such as wind direction and time allocated to personal activities mediate personal exposure to nearby pollutants, these studies suggest close residential proximity to high-traffic roadways is a fundamental factor in overall human exposure to vehicle-related air pollutants. At the same time, evidence is rapidly accumulating of a heightened prevalence of respiratory ailments and mortality among subjects living near heavily traveled roadways (see Table 2 for an overview of key studies). Childhood cancer, brain cancer, and leukemia have been positively associated with traffic density. Wilhelm and Ritz (2003) recently reported that women in Los Angeles County with high traffic density within 750 feet of their residence faced increased risk of preterm birth and term low birth weight by as much as 10 to 20%.
By documenting the localized concentration of vehicle-related pollutants and the heightened health effects of these pollutants in high traffic areas, these studies raise serious local health concerns that may be overlooked by the existing regional-scale conformity process. For instance, even though Southern California has met regional air quality standards for carbon monoxide and nitrogen dioxide, levels may be particularly concentrated along heavily traveled roadways or transportation corridors. Regional measures of carbon monoxide and nitrogen dioxide may mask this pattern and preclude a more localized understanding of the health impacts of vehicle-related air pollution. A geographic understanding of local traffic volume is an essential first-step towards estimating the vehicle-related pollutant concentrations and their associated health effects.
DISTRIBUTIONAL IMPACTS OF ENVIRONMENTAL HAZARDS
The fields of public health and epidemiology have begun to investigate the role that pollution plays in the complex patterns of health disparities among poor and minority populations. As a group, poor and minority individuals tend to have higher rates of asthma prevalence, hospitalization, and mortality (Geronimus, 2000; see Wright & Ficher (2003) for an overview of related studies). Furthermore, emerging research suggests an association between neighborhood environment and health after controlling for individual socioeconomic and other characteristics (Kawachi & Berkman, 2003) .
Environmental justice research has established that a relationship exists in the Los Angeles region between a neighborhood's racial and socioeconomic composition and proximity to hazardous air pollution. Minority and low-income areas in the Los Angeles region have borne a disproportionate level of stationary sources of air pollution including hazardous waste storage and disposal facilities (TSDFs) and Toxic Release Inventory (TRI) facilities (Boer, Pastor, Sadd, & Snyder, 1997; Burke, 1993; Lejano & Iseki, 2001; Lejano, Piazza, & Houston, 2002; Maantay, 2002; Pastor, Sadd, & Hipp, 2001; Sadd, Pastor, Boer, & Snyder, 1999) . Given that mobile sources are the largest contributor of estimated cancer risk from air toxins, more recent work has used a risk assessment approach to examine the distributional impact of mobile sources of air pollution. An SCAQMD study attributes about 70% of carcinogenic risk in Southern California to diesel particulate emissions and 20% to other mobile sources (South Coast Air Quality Management District, 1999) . Results from the U.S. Environmental Protection Agency's Cumulative Exposure Project suggest that mobile source emissions from on-road and off-road vehicles are associated with about 70% of (Hoek, Brunekreef, Goldbohn, Fischer, & van den Brandt, 2002) . Examined the effects of long-term exposure to traffic-related air pollutants on 5,000 adults. Denmark.
Residents near a main road were almost twice as likely to die from heart or lung disease and 1.4 times as likely to die from any cause compared with those who lived in areas with less-traffic.
Childhood Cancer. (Pearson, Wachtel, & Ebi, 2000) . Associations between traffic density, power lines, and all childhood cancers. Denver.
1979 and 1990.
Children living within 250 yards of streets or highways with 20,000 vehicles per day were six times more likely to develop all types of cancer and eight times more likely to get leukemia.
Childhood Cancer. (Knox & Gilman, 1997) . Examined 22,458 childhood leukemia or other cancer deaths by where they were born and where they died. England. 1953 England. -1980 .
Found a cancer corridor within three miles of highways, airports, power plants, and other major polluters. The greatest danger was a few hundred yards from the highway or pollution facility.
Leukemia. (Nordlinder & Jarvholm, 1997) . Compared the exposure to gasoline and car exhaust (estimated by the number of cars per area) with the incidence of cancer for persons aged 0-24 years at diagnosis. Sweden. 1975 Sweden. -1985 Found an association between acute myeloid leukemia and car density.
In municipalities with >20 cars/km2, the incidence was 5.5 cases per 1 million person-years vs. 3.4 in municipalities with <5 cars/km 2 .
Low Birth Weight. (Wilhelm & Ritz, 2003) . Examined the relationship of premature birth and low birth weight with traffic using a distance-weighted traffic density measure. Los Angeles. 1994 Angeles. -1996 An approximately 10-20% increase in the risk of premature birth and low birth weight for infants born to women living near high traffic areas.
Asthma Hospitalization. (Edwards, Walters, & Griffiths, 1994) . Examined area of residence and traffic flow patterns for children admitted to the hospital for asthma. Birmingham, United Kingdom.
Children admitted with an asthma diagnosis were significantly more likely to live in an area near high traffic flow than were children admitted for nonrespiratory reasons.
Childhood Asthma Hospitalization. (Lin, Munsie, Hwang, Fitzgerald, & Cayo, 2002) . Examined hospital admission for asthma amongst children ages 0-14, and residential proximity to roads with heavy traffic. Erie County, New York (excluding Buffalo).
Children living in neighborhoods with heavy truck traffic within 200 meters of their homes had increased risks of asthma hospitalization. (Venn, Lewis, Cooper, Hubbard, & Britton, 2001) . Examined risk of wheeze in a control sample of 6,147 primary schoolchildren and a random sample of 3,709 secondary schoolchildren. Nottingham, United Kingdom. Wheezing illness, including asthma, was more likely with increasing proximity of a child's home to main roads. The risk was greatest for children living within 90 meters of the road.
Asthma Symptoms. (Duhme, Weiland, Keil, Kraemer, Schmid, Stender, & Chambless, 1996) . Investigated the relationship between truck traffic and asthma symptoms among 3,703 students using questionnaires. Munster, Germany. 1994 -1995 Positive associations between both wheezing and allergic rhinitis and truck traffic were found during a 12-month period.
Asthma and Respiratory Symptoms. . Association of freeway proximity and truck intensity with chronic respiratory symptoms in questionnaires of 1,498 children. South Holland.
Asthma, wheeze, cough, and runny nose were significantly more common in children living within 100 meters of freeways; respiratory symptoms increased near freeway with increasing truck traffic density.
Respiratory Symptoms. (Brauer, Hoek, van Vliet, Meliefste, Fischer, Wijga, Koopman, Neijens, Gerritsen, Kerkhof, Heinrich, Bellander, & Brunekreef, 2002) . Estimated residential outdoor traffic-related air pollutant concentrations and the development of asthmatic/allergic symptoms and respiratory infections. The Netherlands.
Two-year-old children exposed to higher levels of traffic-related air pollution were more likely to self-report respiratory illnesses (wheezing, ear/nose/throat infections) and physician-diagnosed asthma, flu or serious cold.
Lung Function Reduction. ). Children's lung function and their exposure to traffic-related air pollution using separate traffic counts for automobiles and trucks. The Netherlands.
Exposure to traffic-related air pollution, particularly diesel exhaust particles, may lead to reduced lung function in children living near major motorways.
the estimated cancer risk from hazardous outdoor air pollutants. Furthermore, race plays an explanatory role in predicting the distribution of this canare risk in the region (Morello-Frosch, Pastor, Porras, & Sadd, 2002; Morello-Frosch, Pastor, & Sadd, 2001) . Some have suggested that researchers, policymakers, and advocates have oversimplified discussions of environmental inequity by narrowly focusing on potential discrimination in regulatory and legal arenas (Cutter & Solecki 1996; Morello-Frosch, 2002; Pulido, 2000) . Indeed, research into the disproportionate environmental burden of poor and minority neighborhoods in Southern California and elsewhere has given rise to a theoretical framework that demands a broader understanding of the socioeconomic and political forces that ''create 'riskscapes' in which overlapping pollution plumes, emitted by various sources into our air, soil, food, and water pose a range of health risks to diverse communities '' (Morello-Frosch, 2002, p. 479) . This approach frames the geographic relationships between race, income and the distribution of pollutants in the context of historic sociospatial processes and the urban political economy in which the environmental inequities arise (Cutter & Solecki 1996; Geronimus, 2000; Morello-Frosch, 2002; Morello-Frosch, Pastor & Sadd, 2001; Pulido, 2000; Pulido, Sidawi, & Vos, 1996) . Not only does this approach offer important insight for policymaking by documenting how environmental inequities are distributed across the urban landscape, it also sheds light on the causes and reasons for the persistence of these patterns.
This article embraces this theoretical approach in two ways. First, it expands our understanding of the potential distributional impact of mobile sources of pollution in the region by documenting the magnitude of traffic, particularly for disadvantaged neighborhoods. Although estimates of traffic volume do not provide a direct measure of exposure to pollutants, they have been used as a proxy for pollutant emissions and concentrations in epidemiological studies (Behrentz, et al., in press ). Analysis of the distribution of traffic also provides an important precursor to more sophisticated studies of the generation of, dispersion of, and individual exposure to vehicle-related pollutants. For instance, a recent study of the distribution of traffic in California found non-white children were about three to four times more likely to live in areas with high-density traffic than white children, and low-income children had higher potential exposure to vehicle emissions (Gunier, Hertz, Von Behren, & Reynolds, 2003) . These results signal that significant inequity may exist in the localized exposure to vehicle-related pollutants. Given the negative health effects associated with such exposure, understanding the distribution of traffic provides important information for public health and siting policy in high-traffic areas even as more direct estimates of individual exposure to pollutants are developed. In fact, the California Legislature recently responded to the health risks of pollution from heavy traffic by passing legislation to protect school children from exposure to hazardous pollutants by mandating that any school site within 500 feet of a freeway, busy traffic corridor, or other source of air toxins be reviewed for potential health risks (S. 352, 2003) .
Second, this article embraces a broad theoretical perspective to contextualize the distributional impacts of traffic within the larger historic and structural forces in Southern California. The region's history of discriminatory lending and fragmented land-use development policies provides important insight into the persistence of racial segregation and concentrated poverty. Furthermore, the development of the region's job base and its transportation infrastructure sheds light on the causes for the uneven distribution of traffic and provides important background for policy and planning responses to environmental inequities.
DATA AND METHODS
The study area represents five counties in Southern California that house over 16 million residents and encompass 34,000 square miles: Los Angeles, Orange, Riverside, Ventura, and San Bernardino Counties. This geographic area is within the planning region of the Southern California Association of Governments, the Metropolitan Planning Organization for six counties in Southern California (including Imperial County) with the responsibility of developing a long-range transportation plan for the region. Four counties in our study area, excluding Ventura County, comprise the South Coast Air Basin administered by the South Coast Air Quality Management District.
The methods used for the present analysis expand the research by Gunier et al. (2003) that found that non-white and low-income children in California were more likely to live in areas with high traffic density. First, we use 2000 demographic and socioeconomic census data to document the distributional impact of traffic, versus that study's use of 1990 data. This distinction is particularly important given the sizeable growth and racial/ ethnic change experienced in disadvantaged Southern California neighborhoods in the 1990s Myers, 2001) . We also use more recent 2000 traffic data compared to their use of 1993 data. Second, our analysis incorporates spatial measures of racial segregation, housing, land use, job distribution, and transportation access to provide a broader perspective on the uneven distribution of traffic. Third, whereas Gunier et al. compare the composition of areas with the highest traffic density to that of the general population, our analysis investigates potential traffic disparities across neighborhoods by their minority and poverty status. This approach allows for a more comprehensive perspective on the impact of traffic in disadvantaged neighborhoods, especially because high-poverty and highly segregated areas suffer from numerous challenges including disinvestment, declining property values, deteriorated housing, limited economic opportunity, and poor health that could influence or compound the negative impacts of heavy traffic.
We approximate neighborhoods using census block group boundaries, which are smaller than a census tract and often correspond with features such as major roads, bodies of water, or railroad tracks. In Southern California, census block groups contain on average about 1,500 people and their size can vary depending on land use and population density. We restrict the analysis to block groups with at least 50 persons per square mile.
We categorize areas in the study counties based on their racial/ethnic composition and poverty using 2000 Census data to examine potential disparities in traffic volume by neighborhood type. That is, we aggregate neighborhood measures and traffic volume for block groups in the five-county region into two race-based classifications: Minority and Non-Minority. Likewise, we aggregate our findings into four poverty-based classifications: Very Poor, Poor, Moderate, and Not Poor. We classify areas with over 50% of residents who are Non Hispanic White as Non-Minority Areas and areas with over 50% or more of residents who are not Non Hispanic White as Minority Areas.
We classify block groups with over 40% of residents in poverty as ''Very Poor'' because these are very low income neighborhoods that often face high unemployment and limited social and economic opportunity. This definition is consistent with research and literature on the urban underclass that defines high-poverty areas as communities with over 40% persons in poverty. Areas with 20 to 40% of residents in poverty are classified as ''Poor.'' This definition is consistent with the Census Bureau that defines poor areas as communities with over 20% of persons in poverty. The Census classifies residents as being in poverty if their total annual family income is below the Federal Poverty Level (FPL), which was $16,700 for a family of four in 1999, the year for which the 2000 Census collected income information. Although adjusted annually for inflation, the FPL is not geographically adjusted. Therefore, in relatively expensive areas such as Southern California, estimates of the poverty level using the FPL likely underestimate the size of the poor population. Still, it provides an established, policy-relevant measure of low socioeconomic status. Because low income and minority neighborhoods may correspond with higher density areas, especially in inner city areas, we also provide summaries of traffic volume for areas based on population density.
Road density and traffic count measures for Southern California are based on line segment data derived from the Highway Performance and Monitoring System maintained by the California Department of Transportation (CalTrans) (California Department of Transportation, 2000) . This method most likely underestimates the density of major roads as these data only contain information on roadways for which traffic is monitored and does not provide comprehensive coverage for local roads. Although vehicles are counted continuously by in-road sensors on some major freeways, most roadway counts are performed by electronic counting instruments moved throughout the state in a program of continuous traffic count sampling. Counts are adjusted to an estimate of annual average daily traffic (AADT) based on seasonal fluctuations, weekly variation, and other variables. AADT represents the total volume for the year divided by 365 days.
Using Geographic Information Systems (GIS), we developed estimates of vehicle miles traveled (VMT) for segments of freeways and major roads in the study area. We multiplied the annual average daily traffic (AADT) for each segment by its mileage. To aggregate VMT for each sub-area of the county based on their minority and poverty status, we selected all block groups with a given classification and generated a 200-meter buffer around these areas using GIS. We then summed the total vehicle miles traveled based on the AADT of available road segments and the length of each road segment in miles. We also performed separate VMT summaries for each sub-area based on whether roads were ''Freeways'' or ''Major Roads'' according to the jurisdiction flag.
We provide insight into the structural causes and reasons for potential traffic disparities by profiling supplemental measures by neighborhood poverty and minority status (Table 3) Business  Information, 2001 ). These data contain the number of private sector employees and firms at the block level and were aggregated to the neighborhood boundaries defined by poverty and minority status.
Analysis of residential segregation for racial/ethnic groups and for the poor is conducted at the tract level using the Dissimilarity Index (DI). The DI is the most commonly used measure of segregation. This index indicates the percentage of one group that would have to relocate in order to be evenly distributed with a comparison group in the metropolitan area: the higher the index, the greater the segregation between these groups. The index ranges from 0 to 100; 0 indicates that no group members would have to move and 100 means that all group members would have to move. The DI is computed using the following equation:
where N 1i is the population of a group in ith tract, N 2i is the population of comparison group in ith tract, N 1 is the total population of a group in the region, and N 2 is the total population of the comparison group in the region. Our DI analysis of segregation for racial/ethnic groups uses Non-Hispanic Whites as the comparison group; our DI for the poor uses the non-poor as the comparison group. The analysis builds a foundation for future research that is beyond the scope of this article. Although proximity to traffic is a fundamental factor in overall exposure to vehicle-related pollutants, other factors, such as wind direction and the amount of time that individuals spend at home, work, or school in high traffic areas, mediate exposure. Because direct measurement and modeling of individual exposure to air pollution is expensive, analysis of the distribution of urban traffic provides an important context for the conceptualization and planning of future human exposure studies. Multivariate analysis could also provide substantial insight into the neighborhood characteristics associated with high-density traffic. Unfortunately, discrepancies exist between the CalTrans roadway geographic data and the census block group boundaries and limit our ability to use this technique. In the current research, we correct for this discrepancy by buffering neighborhood areas by 200-meters, but multivariate analysis of traffic at the block group level requires substantial data processing to rectify boundaries. Although exposure analysis and multivariate techniques are beyond the scope of this analysis, this article contributes to future research and policy responses by expanding our understanding of the causes, characteristics, and magnitude of traffic, particularly for disadvantaged neighborhoods.
RESULTS

Racial Segregation and Concentrated Poverty
Given that vehicle-related pollutants and associated health impacts are concentrated within 150 to 500 meters of major roadways, residential patterns are fundamental to understanding the distributional impacts of traffic and related pollutants because many residents attend school, work, and relax relatively close to home. This section documents the persistence of racial segregation and concentrated poverty in Southern California and discusses how this pattern is the result of complex structural processes including housing discrimination and land-use development policies.
Racial and ethnic distinctions are a primary basis of the spatial separation of residents and play an important role in maintaining inequality among residents (Jaret, Reid, & Adelman, 2003; Logan & Molotch, 1987) . Despite the declines in segregation witnessed over the past few decades (Frey & Farley, 1996; Massey & Denton, 1987) , African Americans remain the most residentially segregated racial/ethnic group in the nation, followed by Hispanics and Asian and Pacific Islanders (McConville & Ong, 2001) . Based on 2000 Census data, the Los Angeles-Long Beach Metropolitan Statistical Area had a Dissimilarity Index score of 67 for African Americans, indicating that 67% of African Americans in that metropolitan area would have to move in order to be evenly distributed among Non-Hispanic Whites in the region (Table 4) . Still, the level of segregation of African Americans from Non-Hispanic Whites in the study counties declined 
% Other
The percentage of the total population identified as Others of Non-Hispanic Origin and American Indians, as well as those who indicated they were two or more races.
% Poverty
The percentage of the total population who were in a household income below the federal poverty level.
% Less than high school The percentage of persons 25 years and over whose educational attainment was less than a high school degree or equivalent.
% Unemployment
The percentage of the population sixteen years or older who were not employed but were looking for work and were available to start a job.
Labor force participation rate The percentage of the population sixteen years or older who were employed or were actively looking for work. Ong, 2001 ). These patterns of racial segregation have given rise to a complex geography of minority neighborhoods in the region, but there are some general patterns. Figure 1 shades neighborhoods in the study counties by the percentage of residents that are minorities. Although some neighborhoods that are predominately minority are in outlying areas, most are located in the densely populated urban core of the region, particularly in areas near downtown Los Angeles and South Los Angeles. The racial and ethnic composition has changed dramatically in poor, minority neighborhoods in the region due largely to immigration of Latinos Myers, 2001) . For instance, the percentage that Latinos comprised of very poor areas increased threefold between 1970 and 2000, while the percentage of blacks within these areas declined .
The persistence of residential segregation stems in part from historic discrimination by financial and real estate institutions (Massey & Denton, 1993) . Exclusionary zoning practices and covenants denied minorities the right to reside or own property in certain neighborhoods. Redlining practices and discriminatory mortgage discouraged the infusion of credit and financial resources into minority areas until the 1960s (Morello-Frosch, Source. Derived using data from Bureau of the Census, 2000a Census, , 2000b 2002; Pulido, 2000; Pulido, Sidawi, & Vos, 1996) . Despite the dismantling of many of these discriminatory policies, housing discrimination continues in the nation's metropolitan areas. The Housing Discrimination Project, sponsored by the Department of Housing and Urban Development, investigated housing discrimination in 23 metropolitan areas in the second half of 2000 using a paired test. They had two individuals, one minority and the other white, pose as otherwise identical homeseekers and visit real estate or rental agents to inquire about advertised housing units. Results indicate that, although the incidence of discrimination has declined since the previous study in 1989, housing discrimination persists for African Americans, Hispanics and Asian and Pacific Islanders in both rental and sales markets (Turner & Ross, 2003; Turner, Ross, George, Yinger, 2002) . Patterns of racial segregation are closely intertwined with the persistence of concentrated poverty in Southern California. Nationwide, the concentration of urban poor in high poverty areas increased from 1970 to 1990 (Jargowsky, 1997) . Analysis of 2000 Census data revealed the concentration of poverty decreased in most metropolitan areas (Jargowsky, 2003) . Despite this national trend, poor residents and, more specifically, poor minority residents in the Los Angeles-Long Beach Metropolitan Statistical Area became increasingly concentrated in poor neighborhoods (Jargowsky, 2003; . A separate measure confirms that the poor are highly segregated from the non-poor in Southern California. Between 73 and 86% of poor residents would have to relocate within the region in order to be evenly distributed among the non-poor in the region (Table 4) .
The entrenchment of residential segregation for the poor and minorities in Southern California raises serious equity concerns given that high-poverty and minority neighborhoods are plagued by disinvestment, declining property values, deteriorated housing, limited business opportunities, insurance redlining, and poor schools (Jaret, Reid, & Adelman, 2003; Ong, 2002; Pettit, Kingsley, & Coulton, 2003; Squires, 2003) . Such patterns are not merely the result of market forces that geographically sort residents by their ability to pay for housing and services, but are the result of complex structural and economic processes and social relations (Morrello-Frosch, 2002; Pulido, 2000; Wilson, 1987) . These processes have resulted in neighborhoods with high concentrations of residents with limited education, job experience, and opportunity for relocation (Massey & Denton, 1993; Wilson, 1987) . Over 39% of residents age 25 or older in Minority and Poor areas have less than a high school education compared to less than 13% in Non-Minority and Non-Poor areas (Table 5) . Because a high school diploma is often required for entrylevel jobs, it is not surprising these areas also have lower rates of labor force participation. The percentage of adults who were employed or looking for work was approximately 13% lower in Minority areas than in Non-Minority areas and 22% lower in the poorest areas compared to the least poor. Among those in the labor force, those residing in minority and poor neighborhoods have the highest rates of unemployment, especially in Very Poor neighborhoods.
Patterns of racial segregation and concentrated poverty have a strong geographic overlap in Southern California (Figure 2 ). While some Minority areas are not poor, when aggregated together minority neighborhoods have a poverty rate over 20%, our classification of Poor areas (Table 5 ). Likewise, although some Poor areas are nonminority, approximately 84% of residents of Poor areas and 92% of residents in Very Poor areas are minority.
Because minority and poor neighborhoods have a higher population density than the remainder of the region (Table 5) , it is not surprising that these areas also have a higher prevalence of multifamily residential parcels and older buildings (Table 6 ). Furthermore, these areas have a much higher concentration of transportation, industrial, and commercial existing land use. These patterns are significant to discussions of environmental equity as recent research suggests these land use types play an explanatory role in the level of estimated cancer risk from mobile and stationary source emissions industrial suburbs for working-class whites, have become part of the minority and poor inner city, in part due to industrial and suburban development outside the urban core. She notes that ''because of the poverty of central Los Angeles and its land use fragmentation and poor services, few large, well-financed firms in growth sectors move there'' (p. 32). Rather, small polluting industries and large-scale hazards are drawn to impoverished central areas. She suggests that newer suburban communities ''do not have the same concentration of hazardous industrial activities, and enjoy more effective zoning and land-use regulations'' than poor and minority inner city areas that often suffer from conflicting land use that intensify environmental hazards (p. 32). For instance, ineffective zoning practices have resulted in the presence of older, single family homes between or adjacent to large commercial or industrial buildings. Furthermore, because minorities were historically excluded from new suburbs that tended to be primarily zoned for single-family residential units, Pullido asserts that minorities became concentrated in the multi-family units in the barrio and ghetto. These residential and land use patterns and ineffective zoning practices could have significant implications for the exposure to vehiclerelated pollutants in poor and minority neighborhoods especially if residents reside, work, or attend school near transportation, industrial, and commercial land uses that generate significant levels of traffic.
Job Centers and the Transportation Network
The development of Southern California's job base and transportation infrastructure that occurred in conjunction with the residential and land use development practices discussed above provides important context for understanding the uneven distribution of traffic in the region. This section discusses the job distribution, transportation access and road density of neighborhoods by minority and poverty status.
The distribution of jobs in Southern California in many ways mirrored the patterns of industrial development in which larger, well-financed firms with jobs geared towards highly educated and skilled workers tended to locate in proximity to outer suburbs, whereas smaller firms requiring less education and fewer skills tended to have a higher presence more centrally, in closer proximity to inner city areas. Still, many disadvantaged neighborhoods in Southern California are job centers (Figure 3 ). Minority and Poor areas have a higher density of jobs and firms than the rest of the region (Table 7) .
The development of the massive freeway system in the region in the late 1950s and 1960s helped facilitate the relocation of middle and upper class people to the outer suburbs, concentrating poorer, largely minority populations in the industrial center. The massive freeway system was constructed through a number of inner-city minority neighborhoods and promoted further fragmentation of neighborhood institutions and communities (Geronimus, 2000; Morello-Frosch, 2002; Pulido, 2000; Romo, 1983) . The development of the transportation infrastructure and distribution of roadways is directly related to the potential disparities in traffic patterns. Considering that poor and minority neighbors tend to have higher population densities and be centrally located near job centers, we are not surprised that roadway density is highest in these areas (Figure 4 ). In our study area, the road density of high poverty areas is almost two times that of the least poor neighborhoods (Table 8) . Areas of high population density have six times the road density compared to areas of low population density in Southern California.
Despite the higher concentration of roadways in their neighborhoods, residents of disadvantaged areas have fewer transportation resources. Whereas approximately 95% of households in Minority areas have a household vehicle, only 86% in Minority areas had a vehicle (Table 9 ). Eighty-one percent or fewer had access to a vehicle in Poor and Very Poor areas compared to 96% in Non-Poor areas. Furthermore, a lower percentage of workers traveled to work by auto in disadvantaged neighborhoods while a higher percentage traveled by public transportation. These patterns may reflect that workers living in Non-Poor areas tend to travel by auto because they travel further for work, are better able to shoulder the financial burden of car ownership, or may have lower access to public transportation.
The transportation infrastructure of Southern California is a vital component of the region's economic health. It provides the mobility essential for economic activities and goods movement, as well as a mechanism for personal and work-related travel. Despite these benefits, the geographic patterns of the transportation system raise equity concerns in light of our growing knowledge that the health costs of vehicle-related pollutants may be highly localized. Although the above results regarding the differences in roadway density and transportation access across neighborhood types are insufficient to fully assess the costs and benefits of urban roadways to residents of disadvantaged areas, the patterns point to the need for additional empirical research to further investigate the causes and reasons for potential traffic disparities. 
Traffic Density in Minority and High-Poverty Neighborhoods
Patterns of urban travel and traffic have risen from these structural processes of residential fragmentation, uneven land use development, and the construction of the transportation infrastructure. Given the high density of roads, residents, and jobs in minority and high-poverty neighborhoods, these areas should have higher levels of aggregate traffic than the rest of the region. This is consistent with previous findings that traffic levels are disproportionately higher in the central part of the city of Los Angeles (Ong & FIGURE 4 Roadway Density, Southern California, 2000 , 2003) . This section documents the magnitude of traffic for these neighborhoods in Southern California and suggests the extent to which disadvantaged areas may experience disparate exposure to vehicle-related pollutants. We find high-poverty areas in Southern California have almost twice the traffic density of the least poor areas (Table 10 ). Minority areas have almost 2.5 times the traffic density of Non-Minority areas. This suggests residents of Minority and Poor areas, as expected, reside in close proximity to high levels of traffic and are, by association, at higher risk of exposure to vehicle-related pollutants. Very poor areas, which represent the most disadvantaged areas in the region, had a significantly higher traffic density than Minority or Poor areas, perhaps because these areas have the highest roadway density. Minority neighborhoods cover a large portion of Southern California and include very poor areas. Given the magnitude of the disparities in the distribution of traffic within these neighborhoods, there is reason to suspect that residents of minority and poor neighborhoods are at a higher risk of the health effects associated with vehicle-related pollutants such as respiratory illnesses, adverse birth outcomes, cancer, and mortality (Oosterlee, Drijver, Lebret, Brunekreef, 1996; Pearson, Wachtel, & Ebi, 2000; Savitz & Feingold, 1989; Wilhelm & Ritz, 2003) . We also investigate how the level of traffic (VMT) is distributed across freeways and major roads in these neighborhoods. We find almost half (44 to 47%) of VMT in these areas is on major roads as compared to freeways (Table 5 ). This finding indicates the adverse effects of traffic density are spread across the urban roadway system and not confined to freeways. The distinction of traffic levels between major roads and freeways is even more pronounced for high-density areas. While less than 40% of VMT is on major roads in the lowest density areas, 56% of VMT is on major roads in areas of the region's highest density. Clearly, non-freeway arterials play a major role in sub-regional traffic patterns and should be included in future research and policy responses.
Sung
Our result that minority and high-poverty areas have higher traffic densities provides an important indicator that residents in poor, minority, and high-density neighborhoods are potentially exposed to higher pollution levels from mobile sources. Residential proximity to traffic is a fundamental factor in overall human exposure to vehicle-related air pollutants, but other factors mediate exposure. Pollutant dispersion varies by meteorological conditions, such as the direction and speed of prevailing winds. Furthermore, personal exposure to vehicle-related air pollutants is directly related to individual time-activity and travel patterns. Our findings that high-poverty and minority areas bear a disproportionate amount of traffic reiterates the need for more individual-and neighborhood-level exposure studies to determine the severity of exposures after accounting for time-activity patterns.
Our findings also raise concerns that residents of high-poverty and minority areas may experience higher exposure to vehicle-related pollutants, not only outdoors but also indoors. The housing stock in these neighborhoods tends to be older and more multifamily, characteristics associated with higher air exchange rates (Colome, Wilson, & Tian, 1994) . That is, outdoor air mixes with indoor air at a greater rate in these buildings. Therefore, residents of these buildings are likely to be exposed to greater levels of vehiclerelated pollutants from outdoor sources. Over 40% of households in Poor and Minority areas reported their buildings were built prior to 1960, compared to less than 30% in NonMinority and Non-Poor areas (Table 6 ). Whereas only 18% of residential parcels in Minority areas were multifamily, 32% were multifamily in Poor areas and 48% were multifamily in Very Poor areas. This pattern suggests if residents spend equal amounts of time indoors across neighborhood types, that residents in poor and minority neighborhoods would likely be exposed to higher levels of vehicle-related pollutants due to greater penetration of outdoor air, even for comparable traffic densities.
DISCUSSION
The growing evidence of the negative health effects of vehicle-related pollutants immediately adjacent to heavily traveled roadways suggest the cost of living, working, or attending school in these areas may be much higher than previously understood. Our finding that minority and high-poverty neighborhoods bear over twice the level of traffic density is consistent with previous research and suggests that those who spend time in these areas are potentially exposed to localized concentrations of vehicle-related pollutants associated with chronic illness, lung impairment, and increased morbidity and mortality.
This pattern raises a host of equity concerns especially in light of persistent patterns of racial segregation, concentrated poverty, and fragmented land-use development. For instance, it may not be surprising that poor and minority areas have a higher density of major roads and traffic given that these areas have a higher population density than the rest of the region. An equity question that arises from this pattern, though, is whether residents of poor and minority areas benefit from these roadways at a level proportional to the health burden they bear. If residents do not travel on the roadways that pass through their neighborhood at the same rate as non-residents, an inequity may exist. That is, if most of the trips underlying the higher traffic density in these areas are from nonresidents commuting to local job centers, residents of disadvantaged areas may not benefit from roadways at the same rate as non-residents. In fact, they may suffer substantial health costs related to non-resident trips while commuters return every evening to lesspolluted residential areas.
Of course, this scenario is a rather simplistic version of the complicated environmental equity questions raised by our findings. Still, our descriptive results suggest it may warrant further investigation. For instance, we show that residents of minority and poor areas are less likely to have a household vehicle and are less likely to commute to work in an auto. Furthermore, disadvantaged areas have much higher levels of public transit service and employed residents of these areas are more likely to commute using public transit than workers in the rest of the region. Transit buses are responsible for a relatively small portion of overall vehicle-related emissions in California. Heavy-duty gas and diesel buses account for less than 5% of on-road nitrogen dioxide emissions and less than 2% of reactive organic gas (California Air Resources Board, 2003b) . Over 80% of the bus fleet of the Los Angeles County Metropolitan Authority, the largest transit provider in Southern California, operates using compressed natural gas (Los Angeles County Metropolitan Authority, 2003) . These patterns by no means answer the larger equity question but support the hypothesis that residents of disadvantaged areas may not use roadways or be responsible for the same level of vehicle-related pollutants in their neighborhood at the same rate as non-residents.
Future research could address this issue by analyzing travel patterns by residential neighborhood type. While aggregate commute patterns can be investigated using available census data and household travel surveys, such research will be complicated by the difficulty and expense of tracking or estimating the routes used for individual trip segments. Such analysis is further complicated by the fact that major roadways carry a substantial amount of non-residential traffic. In fact, heavy duty diesel trucks used for commercial goods movement are responsible for a substantial portion of daily trips in Southern California and about 70% of the estimated carcinogenic risk from air toxins due to diesel particulate emissions (South Coast Air Quality Management District, 1999; Southern California Association of Governments, 2004) . For instance, the segment of the 710 freeway that passes from the Ports of Long Beach and Los Angeles through the low-income, minority communities of Lynwood, South Gate, and Bell into East Los Angeles, carries over 32,000 trucks per day, comprising up to 15% of the overall traffic on this segment (California Department of Transportation, 2002) . Much of this truck traffic carries goods throughout the region. Although this segment of the 710 freeway is one of the heaviest truck corridors in Southern California, this pattern reiterates the analytical challenge of understanding the extent to which residents or non-residents trips are responsible for the traffic and associated air pollution in disadvantaged neighborhoods.
Even if future work demonstrates that non-residents are responsible for the majority of trips on roadways in minority and poor areas, this would not fully address the equity question raised by our finding that disadvantaged areas bear over twice the level of traffic density. Even if residents do not use major roadways at the same rate as non-residents, the high density of roads could benefit residents in other ways. For instance, the transportation infrastructure in these areas could be partially responsible for the presence of local job centers and may indirectly benefit residents by enhancing nearby employment opportunities. Furthermore, many residents of poor and minority areas in Southern California travel a substantial distance from their residence for work. Even if these trips do not comprise a majority of trips on nearby roadways, the ease of travel offered by the high density of near-by roadways may provide a vital resource. In cases where high traffic density or close proximity to a major roadway suppress property values, living near a major roadway or freeway may offer low-income families more affordable housing options.
Of course there are no easy answers to this question because the benefits and costs of the transportation infrastructure vary across communities and individuals and are difficult to quantify. Still, our results and other emerging research demonstrates that it is important for research, policy, and planning to respond to our growing understanding of the localized negative health effects of vehicle-related pollutants and potential neighborhood disparities of exposure.
Advances in the fields of environmental health, atmospheric science, and epidemiology are needed to inform policy and planning responses to the environmental hazards of vehicle-related pollutants. The California Legislature's recent action to restrict the siting of schools within 500 feet from a freeway or busy traffic corridor is a significant response to the growing body of research in these fields (S. 352, 2003) . This includes the recent study by Zhu et al. (2002) documenting that vehicle-related pollutants are concentrated within 150 to 500 meters of major roadways. Mandates against siting public facilities for vulnerable populations in high-traffic areas may remain an important strategy to promote public health, but this response may not be realistic or politically feasible in urban areas with serious levels of overcrowding. Furthermore, this solution alone does not address the exposure of children attending existing schools. The Legislature acknowledged this by authorizing corrective measures to mitigate air quality problems in schools in close proximity to major roadways (S. 352, 2003) .
The policy response to the siting of schools near major roadways raises questions regarding the appropriate response to mitigate exposure experienced within residential, employment, commercial, and recreational land uses in high-traffic areas. Widespread relocation of residents from these areas seems highly unlikely and, given pressures of overcrowding and population growth, a ban on a wide range of land uses near major roadways may not be realistic. Further scientific insight is needed to help policy makers, planners, and public health officials strategize an appropriate response. For instance, we know from a recent study that pollutant concentrations between a downwind location and an upwind location at similar distances from a freeway can differ by an order of magnitude (Zhu, Hinds, Kim, & Sioutas, 2002) . These results suggest the need to develop a better understanding of how vehicle-related pollutants disperse immediately adjacent to major roadways and to assess how successful potential solutions such as barriers, sound walls, or land-use buffers are in mediating the concentration of pollutants and associated exposures.
Responses should also recognize that people spend most of their time indoors or in vehicles (Klepeis, et al., 2001) where pollutant concentrations can be significantly different than those outdoors. Indoor pollutant concentrations due to penetration of outdoor air are influenced by residential air exchange rate, house volume, and pollutant decay rate, while pollutant concentrations in a vehicle are related to the other vehicles it follows, its own exhaust, and surrounding traffic densities (Behrentz, et al., in press; Rodes, et al., 1998) . These factors are important for understanding the magnitude of the health risk of vehicle-related pollutants near major roadways and for developing appropriate policy responses and strategies to mitigate in-vehicle and indoor exposures in high-traffic areas. Direct measurement of personal exposure is an important tool in understanding the conditions and magnitude of exposure (Paustenbach, 2000) , but unfortunately it is expensive and limited in the number of subjects that can be studied. Using the patterns uncovered through direct measurement and related studies, ongoing human exposure research is developing techniques to model individual-and neighborhood-level exposure to vehicle-related pollutants and other air pollutants based on time-activity and travel patterns (Wu, Lurmann, Winer, Lu, & Turco, in press ). Because of the limited scope of direct measurement, these models of human exposure will help quantify the potential exposures to vehicle-related pollutants after taking into consideration the amount of time that residents spend at home, traveling, or at work or school.
Our finding that minority and poor neighborhoods have a higher prevalence of older and multifamily buildings illustrates a convergence between exposure studies, potential inequities, and the structural processes discussed in this article. The fact that exposure studies indicate these building types tend to have higher rates of indoor penetration of outdoor pollutants suggests that residents of disadvantaged areas may experience greater levels of indoor exposure to vehicle-related pollutants. This pattern, coupled with our finding that these areas bear over twice the level of traffic, suggests the physical and built environment of poor and minority neighborhoods, which is the result of processes of racial segregation, restrictive covenants, and the construction of the transportation infrastructure, has played a significant role in potential disparate exposures.
These linkages reiterate the need to understand that the disparate traffic levels experienced by poor and minority neighborhoods are embedded in a larger historic and structural context of fragmented development and represent a significant environmental inequity with potentially serious health implications for disadvantaged neighborhoods. This pattern is compounded by the fact these areas suffer from numerous health disparities, including higher rates of asthma prevalence, hospitalization, and mortality, as well as close proximity to other environmental hazards.
The regional-scale conformity process has benefited the region by promoting healthful air quality within Southern California, but current practices may be insufficient to detect and address the implications of the potentially high concentration of vehicle-related pollutants in high-traffic areas. Currently, regional air quality and transportation planning policies primarily consider the costs and implications of travel and associated pollutants on regional population health, economic activities, and ambient air quality (South Coast Air Quality Management District, 2003; Southern California Association of Governments, 2004) . SCAQMD and SCAG have embraced federal mandates to address environmental justice concerns in air quality and transportation planning processes by explicitly addressing demographic and socioeconomic impacts in their regional plans. Given that many health impacts of traffic are heightened within 150 to 500 meters of roadways, environmental justice planning and research must refine the scale of analysis and mitigation to account for these localized health implications. Regional or even neighborhood measures could potentially mask patterns immediately adjacent to major roadways and preclude a more localized understanding of the health impacts of vehiclerelated air pollution. Also, our findings suggest it is important to consider impacts near freeways and major roadways as both carry significant levels of traffic.
Policy, planning, and public health responses to the environmental hazards of highdensity traffic should be multifaceted and pursue many avenues simultaneously. These efforts should be grounded in environmental health and atmospheric science in order to identify land use types that lower overall human exposure adjacent to major roadways and ways that the built urban environment can be structured to mitigate the dispersion of dangerous pollutants. Plans for new developments can integrate barriers such as sound walls or buffers to lessen the concentration of vehicle-related pollutants. Furthermore, planners may consider development patterns that integrate land use types to reduce vehicle trips between home and activities such as work, school, or recreational activities. Mixed-use development, though, requires careful evaluation to avoid high cumulative air pollution concentrations from multiple commercial, industrial, or transportation land use.
Although responses to the negative effects of high-density traffic in built-out urban areas can be based on similar principles, redevelopment and mitigation efforts in these areas will face numerous logistical challenges. State and regional agencies and local municipalities should consider implementing appropriate traffic reduction or physical mitigation measures within high-traffic corridors that represent the greatest danger to public health. Furthermore, local land use decision-making processes should consider roadways with dangerously high vehicle-related pollutants as incompatible with sensitive land use such as schools, hospitals, or homes (California Environmental Protection Agency and California Air Resources Board, 2004). The environmental review process for major transportation expansions should consider ways to address the health impacts of vehicle-related pollutants immediately adjacent to the project.
Although siting, land use decisions, and traffic mitigation efforts at the local level will be a critical part of the planning and public health response to the localized health effects of traffic, regional coordination is needed to ensure a coordinated response across Southern California. This is important in order to avoid a fragmented approach that fails to address the needs of disadvantaged communities that often suffer from less effective zoning and land-use regulation. Given the traffic and health disparities faced by residents of disadvantaged areas, solutions should be tailored to the structural, land use, and geographic patterns of poor and minority communities, especially because many solutions devised for these areas will be applicable in other parts of the region.
CONCLUSION
Historic and structural processes including racial segregation, concentrated poverty, uneven land use development, and the construction of the transportation system played an important role in current traffic disparities within Southern California. In aggregate, minority and poor neighborhoods have a higher population density, lower housing values, and a higher density of freeways and major roads. In many cases, these areas are job centers even though residents tend to have lower levels of educational attainment and less of a connection with the labor market. These neighborhoods bear over two times the level of traffic density compared to rest of the region. Furthermore, they have older and more multifamily housing, which is associated with higher rates of indoor exposure to outdoor pollutants.
We have just begun to understand the public heath, policy, and societal implications of the localized dispersion of vehicle-related pollutants on the health of metropolitan neighborhoods. This article contributes to this discussion by documenting the magnitude of traffic across neighborhood types and provides important background for policy and planning responses to environmental inequities by contextualizing traffic disparities within the larger urban structure in which they arise.
